We use both electromagnetic topology EMT and the Baum-Liu-Tesche BLT equation to analyze a cavity model with an aperture. More precisely, we combine the aperture coupling theory and EMT to study the issues of the electromagnetic field penetration through apertures into a cavity and the coupling to a two-wire transmission line in it. We employ the equivalence principle to establish the equivalent source on the aperture. Then, we obtain the semi analytic solutions of the load response of the two-wire line in the cavity based on the Baum-Liu-Tesche BLT equation. In addition, based on the Agrawal model, we give the coupling current distribution at two loads for a two-wire line in the cavity. Finally, we present some numerical results to demonstrate the semi-analytic approach of this paper. In fact, these numerical results on the electric field shielding EFS of a rectangular cavity with an aperture agree well with the experimental results in the literature. Furthermore, for a two-wire line in the cavity with an aperture the induced current peaks at loads are observed in the frequency range, some of which are associated with the resonance of the aperture, and others correspond to the resonant frequencies of the cavity.
Introduction
Electromagnetic interference and compatibility have become an integral part in the design and analysis of electronic components and systems. Through an aperture, an external electromagnetic pulse EMP may couple to an electronic system in the cavity and induce the transient current and voltage. It is well known that both the transient current and voltage may damage some critical components in the system. Therefore, it is very important to study these interaction processes see [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Electromagnetic interaction problems on very large and complex system, such as an aircraft, can be simulated through using codes based on EMT. An important ingredient of topological analysis is the determination of a mechanism to represent external-internal coupling through a small aperture and the subsequent propagation process. By combining the methodologies proposed in 1 , one can create an equivalent source provided that the source of aperture radiation is an imaginary transmission line see 2, 3 . Such an equivalent source will relate the electromagnetic coupling at the exterior surface and the transfer function through free space generated by it. In this paper, we apply EMT to analyze the problem of the EM interaction in an electronic system which contains a cavity, an aperture, and a two-wire transmission line. First, based on the equivalence principle, we obtain an equivalent source for the aperture. The idea is to use a semianalytical approach based on the Modal Green Function and the method of moment MoM . A similar result has been independently shown in 6 . Secondly, we employ the BLT equation to compute the load response of a two-wire transmission line in the cavity with an aperture. Finally, we present several numerical examples to confirm the validity of our results.
Application of Electromagnetic Topology
The EMT theory was founded in the 1980s during the development of electromagnetic pulse hardening studies see 11 . The current formalism of the EMT is developed by Baum see 12, 13 . The EMT is often used to deal with a complex electromagnetic coupling problem.
To analyze the interaction processes for the electromagnetic coupling by the EMT, we need to establish the topological diagram and the topological network for the system configuration. Firstly, we consider a rectangular cavity with a slot aperture illuminated by a harmonic plane wave, see Figure 1 . This field is described by angles of incidence ψ and φ, as well as a polarization angles α, which defines the E-field vector direction relative to the vertical plane of incidence. Figure 3 shows the topological network. Tube 1 is the transmission line tube; Tube 2 is the EM field propagation tube; Tube 3 is the EM field coupling tube. Based on the good shielding approximation theory see 4 , the effect of the transmission line on the aperture can be neglected.
The Aperture Coupling Model
We introduce an equivalent magnetic current on the aperture as
where
in which x a , y b are the coordinates of the lower left hand corner of the slot, and T s t and P s t are triangular and pulse functions defined by
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To solve the unknown current M, we enforce the continuity of the tangential magnetic field across the aperture. Then, we have
where H a M refers to the exterior scattered magnetic field, and H b M referes to a corresponding magnetic field interior to the cavity.
The exterior scattered field can be expressed as the radiation caused by the equivalent magnetic current M see 9 , say,
where S denotes the surface of the aperture, k 0 is the wavenumber, Y 0 is the free space intrinsic admittance, and Γ 0 r; r is the free space dyadic Green's function given by
in which r and r represent the location of the field and source points, respectively, on the aperture. Using the available dyadic, the Green function for the cavity, we can express the interior fields see 6 as follows:
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2.11
As
yn , and
2.12
Substituting 2.10 into 2.8 and 2.9 , we obtain where
2.16
The interior EM field can be expressed as follows: 
2.24
Substitution of 2.2 , 2.24 into 2.23 yields a system as follows:
The solution of this system 2.25 yields the coefficients M xpq , M ypq in the magnetic current. There are some novel works for the system 2.25 see 6, 9 .
The Transmission Induction Model
We consider the case where a lossless two-wire line is illuminated by a coupling EM field. In order to simplify the notation, let us place the two-wire transmission line in the y y 0 plane which parallels to the x axis as shown in Figure 4 . We put the reference wire at z z 0 , and the other wire at z z 0 d so that there is distance d between two wires. We assume that d is greater than the wire radius In the present paper, we only consider the transmission line mode current. The load currents and the total voltages at the loads can be expressed in matrix form as follows:
2.26
By the scattered voltage Agrawal formulation see 14 , the source vector reads
2.27
Substituting 2.17 and 2.19 into 2.27 leads to 
Simulations and Experimental Results
We present some numerical examples to demonstrate the formulation given in the previous section. We consider the coupling in a cavity that has a two-wire transmission line along the x direction in it, see Figure 1 is the interior cavity field at an observation point and E i is the incident field at the same location. The electric field shielding obtained by using the modal GF method is plotted in Figure 5 along with the experimental results from 15 . From it we can see that they agree very well. Moreover, one resonance peak can be observed in the frequency range from 0.1 GHz to 1 GHz, which corresponds to the first resonance of the cavity. The two-wire transmission line can be excited by the interior coupling electromagnetic field. Figures 6 and 7 show the results of the terminal response at Nodes 1 and 2, respectively. Four major induced current peaks at the terminal loads of the two-wire line are observed in the frequency range from 1 GHz to 1.8 GHz, the second one of which is associated with the resonance of the aperture, while other three correspond to the first three resonant frequencies of the cavity. The first resonance of the cavity is TE 110 1.35 GHz and the next two higher resonances of the cavity are TE 210 1.6 GHz, TE 211 1.67 GHz. Moreover, these simulation results conclude that the currents and voltages can be derived from the interior coupling EM fields in the cavity with apertures.
Conclusion
We study the issue of field penetration through apertures and their coupling with a twowire transmission line. Especially, we use the Modal Green Function, the method of moment MoM , and the BLT equation to solve the load response of the two-wire transmission line in the cavity with a plane-wave excitation. It is observed from simulation results that the Mathematical Problems in Engineering 11 resonance of both the aperture and the cavity can occurs in the cavity. Therefore, PCB in the cavity can not be casually positioned and the circuit signal frequency should avoid these resonant frequencies which will cause strong induced current. Based on the EMT, our method can also be used for electromagnetic interaction problems on more complex systems. Hence, our work will aid shielding cavity design and electromagnetic interference EMI protection in the practical application.
